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FOREWORD 
This supplement t o  the f i n a l  report i s  presented 
i n  response t o  Paragraph 111.2 of Exhibit A of Contract 
NAS8-24017. 
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ABSTRACT 
n e  a lgo r i thm descr ibed is a f a s t  a l g o r i t h m  f o r  minimfrat ion of 
Boolean f u n c t i o n s  t o  a two level AND-OR form. 
of t h i s  a l g o r i t h m  are t h a t  i t  is fast  and t h a t  i t  does no t  r e q u i r e  
excess ive  s t o r a g e  c a p a b i l i t y .  
allows minimization of Boolean f u n c t i o n s  w i t h  a l a r g e  number of 
v a r i a b l e s  such as 16 .  A 16 v a r i a b l e  problem is  too l a r g e  t o  work 
manually and must be done a p o r t i o n  a t  a t i m e  u s i n g  j u e t  a few of 
t h e  v a r i a b l e s .  This fs no t  a d e s i r a b l e  method. 
TSe major advantages 
The speed and low s t o r a g e  requirement 
As an example of t h e  performance of t h e  a lgo r i thm,  a 12  v a r i a b l e  
problem w i t h  approximately 50 p e r c e n t  of t h e  p o a s i b l e  combinations 
used,  took 21.1 seconds o f  CPU time on a CDC 6500 computer i n c l u d i n g  
compi l a t ion ,  assembly and load t i m e .  Less than 6 5  K words of e t o r a g e  
were r e q u i r e d .  From t e s t  problems w i t h  8 through 12 v a r i a b l e s ,  a pro- 
j e c t e d  CPU t i m e  for a 1 6  v a r i a b l e  problem is 22 minutes and t h e  s t o r a g e  
remains cons t an t  becaure t h e  a lgo r i thm was o r i g i n a l l y  s e t  up f o r  t h e  
16  v a r i a b l e  problem. 
This a lgo r i thm t h u s  p rov ides  t h e  c a p a b i l i t y  f o r  minimization of 
Boolean f u n c t i o n s  f o r  l a r g e  number of v a r i a b l e s  which were p r e v i o u s l y  
done p o o r l y  by manual methods and could not  be done w i t h  a computer 
because of excess ive  t i m e  and s t o r a g e  requirements .  
l 
I INTRODUCTION 
The need f o r  t h e  lgo r i thm t h a t  h a s  been developed was generated 
as the  r e s u l t  of development o r k  on an addres sab le  t i m e  d i v i s i a n  d a t n  
system f o r  NASA's Marshall  c e  F l i g h t  Center.  This system is con- 
t r o l l e d  by a sses generated by a c e n t r a l  u n i t .  The 
d t o  gene ra t e  t h e  addres ses  was t o  decode the  state o f  word 
coun te r s  contained i n  the  c e n t r a l  u n i t .  The l o g i c  r e q u i r e d  
ecoding becomes q u i t e  ex tens ive  u n l e s s  t h e  addres s  sequence 
l e .  It: should be noted t h a t  t h e  addres s  sequence used 
e c t  t h e  l o g i c  r equ i r ed  and also may r e q u i r e  cons ide rab le  
e f f o r t  t o  determine a useab le  sequence. I n  work j u s t  p r i o r  to  th i s ,  
a computer program was developed t o  determine t h e  Boolean f u n c t i o n s  
r equ i r ed  t o  s e t  n addres s  s h i f t  r e g i s t e r  u s ing  t h e  d a t a  system re- 
quirements .  These requirements  were: t h e  words p e r  frame; t h e  frames 
p e r  master frame, and t h e  eampling ra te  p e r  master  frame f o r  each d a t a  
p o i n t .  The Boolean f u n c t i o n s  generated by t h i s  program contained a 
l a r g e  number of terme and needed ex tens ive  min imi t a t ion  i n  o r d e r  t o  
be p r a c t i c a l .  
The f i r s t  s t e p  i n  development of t h e  minimizat ion a lgo r i thm as a 
l i t e r a tu re  sea rch  which revealed the e a r l y  b a s i c  work of Quine l y r  and 
McCluekey 3 and t h e  l a t e r  c o n t r i b u t i o n  of C a r r o l l  4 .  The theorems 
developed by C a r r o l l  are p resen ted  and discussed i n  Sect ion I S  s i n c e  
they  were most u s e f u l  i n  t h e  development of t h i s  a lgo r i thm.  
1. 
2 ,  
3 .  
4 .  
W .  V. Quine, "The Problem of Simplifying Truth Func t ions~ ' ,  
Vol. 59, pp. 521-533, October 1952. 
o Simplify Truth Functions", 
pp.  627-631, Ngvember 1955. 
f Boolean Functions" 
, V o l .  35, November 1956. 
Boolean Function Mini- 
? Auburn Un ive r s i ty  €or 
Army Missile Command, H u n t s v i l l e ,  Alabama, December 1968. 
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11. BASIC PRINCIPLES OF PRIME INPLICANT GENEWITION 
It 
This s e c t i o n  d e s c r i b e s  t h e  b a s i c  p r i n c i p l e s  used f n  the  a l g o r i t h m  
as desc r ibed  f n  o t h e r  s e c t i o n s .  A thorough understanding of t h e s e  
p r i n c i p l e s  is  necessa ry  f o r  t h e  comprehension of t h e  
n expres s ion  can be r ep resen ted  s a set of ver t ice  
of an n-cube f o r  which t h e  expres s ion  is t r u e .  n is t he  number of 
v a r i a b l e s  i n  t h e  cube and 2" i s  t h e  t o t a l  number of vertices i n  t h e  
cube. I f  t h e  expres s ion  is  rep resen ted  by a sum of minterme, t hen  
each corresponds t o  a v e r t e x  o f  t he  n-cube. 
and computer manipulat ion each vertex o r  minterm can be s p e c i f i e d  by 
a b i n a r y  number obtained by r e p l a c i n g  complemented v a r i a b l e s  by 0's 
and uncomplemented v a r i a b l e s  by 1's (eg DC = 101). 
can then be converted t o  any o t h e r  convenient  base  such as o c t a l  or 
decimal.  The fo l luwing  d i scuos ions  w i l l  use  on ly  b i n a r y  to  avoid con- 
f u s i o n ,  b u t  t h e  concepts  are v a l i d  independant of t h e  number base  used. 
For ease of r e p r e s e n t a t i o n  
This b i n a r y  number 
The p r i n c i p l e  of equa t ion  r e d u c t i o n  ie t o  combine t h e  v e r t i c e s  
of t h e  f u n c t i o n  i n t o  groups c a l l e d  subcubes which can be r ep resen ted  
by a s i n g l e  term c o n t a i n i n g  fewer than n v a r i a b l e s .  Note t h a t  a 
subcube ha6 PWx v e r t i c e s  where x equa l s  t h e  number of v a r i a b l e s  i n  t h e  
subcube. The term f o r  a s i n g l e  vertex has no v a r i a b l e s ,  is a minterm an 
a zero-cube, i , e .  2'. A subcube of a f u n c t i o n  which is n o t  contained 
i n  any o t h e r  subcube of t h e  func t ion  is  c a l l e d  a prime i m p l i c a n t .  
The minimal s o l u t i o n  f o r  an expres s ion  i n  two level AND-OR form con- 
sists of a sum of prime i m p l i c a n t s ,  however n o t  a l l  prime i m p l i c a n t s  
need t o  b e  used. Since prime Lmplicants are subcubes of t h e  n-cube, 
i t  is necessa ry  t o  understand some numerical  p r o p e r t i e s  of subcubes,  
The t h r e e  t h e o r e m  below were p re sen ted  w i t h  p r o o f s  by C .  C. C a r r o l l  . 
The p r o o f s  are n o t  p re sen ted  h e r e ,  hawevar d i s c u s s i o n s  of e 
is presen ted  t o  i d  i n  understanding t h e  use of t h e  theorem 
sented i n  t h i s  r e p o r t .  
'1: 
r e  5.8 one ver 
t h e  l a r g e e t  b i  t h e  s m a l l e s t  b 
= 0010). I f  two ver t ice  
2 = V I ,  then t h i s  
101A 1101 = 0101; 
tgought of t o  me 
- Theorem 1: I f  c 
This theorem e t  
- Theorem 2: v i c i f  v 4  nd min ( c K v  
theorem states t h a t  v e r t e x  v of t h e  n-cube C is  an 
f t he  subcube c i f  an on ly  i f  v i s  contained i n  t h e  MX- 
x (c) and t h e  minimum v e r t e x  min ( c )  is contained i n  v .  
Theorem 2 proves t h a t  t h e  minimum and maximum vertex of a aubaube 
a r e  s u f f i c i e n t  t o  completely s p e c i f y  a subcube, and Theorem 1 prov ides  
a simple test t o  determine i f  two vert ices  determine a aubcube. It 
180 appa ren t  from theorem 1 t h a t  t h e  maximum vertices f o r  a l l  rrub- 
cubes wi th  a common minimum vertex can be generated d i r e c t l y .  Thia can 
be done by t a k i n g  t h e  Ope,  of min ( c )  and l e t t i n g  them take on a l l  
p o s e i b l e  combinations of 1's and O's, keeping t h e  1's of ruin ( c )  f i x e d .  
S i m i l a r l y  a l l  v e r t i c e s  of a subcube can be generated by us ing  theorem 2. 
11 0 ' s  of min ( c )  which correspond to  1's of max ( e )  and l e t  
and 0's of max Cc) and min ( c )  which correspond. 
11 combinations of 1's and 0'8,  keeping f ixed  t h e  1'; 
l e  of subcube gene ra t ion  w i t h  a common min ( c ) :  
Let  min (6) = 01010. t h e  aubcubes 
re: 01010 y 
01010, 
01010 
81010, 
01018, 
01010, 
01010, 
01010 ( t h e  v e r t e x  rnin ( c ) )  
Of011 
01110 
01111 
1101.0 
11011 
1111 
4 
An example of subcube vertex gene ra t ion .  ke t h e  subcube 01010, 1101'1. 
The v e r t i c e s  of t h i s  subcube a r e  
01010 
01011 
11010 
11011 
The computer implementation of t h e  two gene ra t ion  p rocesses  are 
For t h e  subcube gene ra to r  one 
The remaining max ( c ) ' s  are obtained by s u b t r a c t i n g  b i n a r y  
RESULT t a k e s  on all b i n a r y  v a l u e s  
s t r a i g h t f o r w a r d  i t e r a t ive  procedures .  
s tarts wi th  t h e  f i r s t  max ( c ) ,  which is equa l  t o  2n-1 f o r  t he  l a r g e s t  
subcube. 
numbera c a l l e d  RESIlLT, from 2n-1. 
t h a t  have ZEROS i n  t h e  p o s i t i o n s  correspondlng t o  ONES of min ( c ) .  The 
RESIJLT v a l u e s  are  generated i n  ascending o r d e r  which gene ra t e r  subcubes 
i n  descending o r d e r .  Figure 11-1 i s  a Flow Chart of t h i s  procepls. 
The gene ra t ion  of t h e  v e r t i c e s  of t h e  nbcube starts w i t h  min ( c )  
as t h e  f i r s t  vertex. 
w i t h  t h i s  v e r t e x  wi th  a b i n a r y  one be ing  added t o  t h e  r e s u l t .  
i n g  the  a d d i t i o n ,  a b i t  by b i t  OR w i t h  min (c) is performed fibllawed 
by a b i t  by b i t  ANDwith m x  (c ) .  
(c)  is reached.  Figure 11-2 is  a flaw c h a r t  of t h i e  p rocess .  
The complement of max (c) is b i t  by b i t  ORed 
Follaw- 
This p rocess  con t inues  u n t i l  max 
5 
n 
Set Max(c) = 
( 2*-1) -Rea UT t 
& Output Subcube 
_1J, 
Set Result 
'-7- 
FIGURE XI-I, Fz CHART FOR SUBCUBE GEM 
v p ' v  OR Max ( c )  
RT FOR SUBCUBE VERTEX GENERATION 
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I '  
The minimizat ion a lgo r i thm is  based on t h e  p r i n c i p l e s  d i scussed  
i n  Sect ion II. 
f m c  t ion minimi t i o n  which wa b a s i s  f o r  t h e  development, 
C. C. Carroll '  a l s o  developed an a lgo r i thm of Boolean 
Pgorithm t h a t  has been developed has t h r e e  p a r t s .  
ata p r e p a r a t i o n ,  t h e  second p a r t  gene ra t e s  a 
l i c a n t s  some of which may b e  redundant .  The t h i r d  
of prime i m p l i c a n t s  t h a t  r e p r e s e n t  
The d a t a  prep a t i o n  p a r t  of t h e  a lgo r i thm d e f i n e s  t h e  s i ze  of 
t h e  n-cube and l i e  
and also t h o s e - v e r  c e s  which are DONT CARE, A DONT CARE vertex is 
t h e  r e s u l t x o f  u s ing  feedback i n  a b i n a r y  counter  t o  cause i t  t o  re- 
c y c l e  a t  non-bfnary rates. 
r e c y c l e s  every s i x t e e n  coun tes .  However, w i t h  feedback,  i t  can be made 
t o  r e c y c l e  every 10 coun t s ,  
t o  expres s  counts  8 and 9 (where 0 is t h e  f i r s t  coun t )  t h e  v e r t i c e s  8 
and 9 r e p r e s  n t  t h e  Boolean expres s ion  and can be expressed by a one- 
cube ( i .e.  2 ) . However, count 10 through 1 5  can never occur due t o  
t h e  vertices t h a t  r e p r e s e n t  t h e  Boolean expres s ion  
For i n s t a n c e ,  a fou r  s t a g e  b i n a r y  coun te r  
Naw i f  a Boolean f u n c t i o n  is t o  be used 
f 
The v e r t i c e s  corresponding t o  t h e s e  counts  are DONT 
I f  t heae  DONT CARE v e r t i c e s  are uaed,a three-cube . 
t a i n i n g  8 vertices can b e  used t o  r e p r e s e n t  t h e  Boolean 
expres s ion ,  Ihe l o g i c  r equ i r ed  t o  implement a three-cube i n  a 16 state  
map i s  one o f  t h e  fou r  v a r i a b l e s .  However, t h e  l o g i c  to  implement a 
one-cube is t h r e e  of t h e  fou r  v a r i a b l e s  nd is obviously more c o s t l y .  
s ea rches  t h e  n- 
vertices t h a t  
1. c, c. r o l l ,  
The non-redund n t  prime imprficant (PI) s e l e c t i o n  a lgo r i thm its 
f a i r l y  s t r a i g h t f o r w a r d .  irst,  a l l  e s s e n t i a l  PIS are r e t a i n e d .  Thi 
is e a s i l y  accomplished c e *  du r ing  PI g e n e r a t i o n ,  t h e  inform 
d i c a t i n g  t h a t  a v e r t e x  contained i n  on ly  one P I  and t h e  i d e  
c a t i o n  of t h a t  P I  was r i n e d .  The s e l e c t i o n  f o r  
se t  of PIS is continued a o r t i n g  t h e  remaining n 
t h e  o r d e r  of 1) v e r t i c e s  no t  covered by e s s e n t i a l  PIS, 2) t h e  s i z e  
of t h e  P I  subcube, 3) t h e  o r d e r  of s e l e c t i o n .  The r a t i o n a l e  f o r  t h i  
o rde r  i t s  t h a t  1) t h e  PIS covering t h e  most v e r t i c e s  c o n t a i n  t h e  few- 
e e t  redundant covered v e r t i c e s ,  2) t h e  l a r g e s t  P I  subcubes r e q u i r e  
t h e  least l o g i c  f o r  implementation, and 3) t h e  PIS s e l e c t e d  last may 
be bfgger  than those  s e l e c t e d  f i r s t  and are a t  least t h e  same s ize .  
The a lgo r i thm o u t l i n e d  a b w e  h a s  been t e s t e d  on a number of 
problems and has  always found t h e  minimum normal form (MNF). This  
does no t  mean t h a t  i t  w i l l  always f i n d  t h e  minimum normal form be- 
cause w e  have no proof t h a t  t h e  P I  s e l e c t i o n  r o u t i n e  w i l l  always f ind  
t h e  MNF. However, we have no proof it won' t ,  e i t h e r .  
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IV, DATA PREPARATION 
lgo r i thm by f i r s t  re  d i n g  a c o n t r o l  
7 f i e l d s  as shown i n  Figu 
f t h e  U r n a u g h  Map (MCARR, Figure IV-2) 
i n i n g  f i e l d s  are used t o  c o n t r o l  t h e  
equa t ion .  
n t o  t h e  f i r s t  f i e l d  
The b i t  numbers which are 
w i t h  a l l  o t h e r  f i e l d s  be ing  
b l e  problem t h e  f i r s t  f o u r  f i e l d s  ere 
The nex t  c a r d (  re  t h e  card@ c o n t a i n i n g  t h e  information abput 
t he  DONT W E  (excl ) s t a t e s .  This card c o n s i s t s  of six f i e l d e  as 
shown i n  Figure IV-3. The f i r s t  f i e l d  is an  end-of-date type i n d i c a t o r  
d i s  used on ly  f o l l  i n g  a l l  cards which c o n t a i n  d a t a  (of which t h e r e  
y be none). The $e d f i e l d  c o n t a i n s  t h e  f i r s t  DONT CARE state  ex- 
pressed i n  a decimal number. The t h i r d  f i e l d  contallns t h e  laet  DONT 
CARE state  expressed i n  decimal number. The f o u r t h  f i e l d  c o n t a i n s  
t h e  m u l t i p l i e r .  
p l i e d .  
The f i f t h  f i e l d  c o n t a i n s  t h e  f i r s t  number t o  be mul t i -  
The s i x t h  f i e l d  c o n t a i n s  the  last number t o  be m u l t i p l i e d .  
se of t h e  program f i r s t  i n i t i a l i t e s  MCARR 
t o  ze ro  us ing  e i n p u t  t o  t h e  program t o  determine where t o  s t o p .  
The program then  uBes t h e  DONT CARE c o n t r o l  c a r d s  t o  set t h e  DONT CARE 
s ta te  i n  MCARR. The program u es t h e  fo l lowing  c a l c u l a t i o n  t o  determine 
the  b i t s  t o  s e t  f o r  each DONT CARE c o n t r o l  ca rd :  
t e  + N) + ( m u l t i p l i e r )  ( M u l t i p l i e r  from I- M) 
where N = O , l ,  , 3 ,  ... and M = 0,1,2,3, .. d when ( f i r a t  s t a t e  + N )  = 
incremented and (fir tate I- N )  is set  t o  ( f i r s t  
s ta te  + 0 ) .  Afte r  ( m u l t i p l i e r  from) = ( m u l t i p l i e r  t o )  t h e  next  card i 
processed .  
A t  t h i s  p o i n t  in t e, MCARR cont  
re s ta tes .  The p rogr  n term i n  t h e  
SI = Q1 42 Q3@ Q4 
0 0 0  
1 1 1  
2 2 2  
3 3 3  
4 4 4  
5 5 5  
6 6 6  
7 7 7  
8 8 8  
9 9 9  
1 1 3  
1 2 3  
I 0 0  1 1  
2 2  
3 3  
4 4  
5 5  
6 6  
1 7  
4 5  
a a  
9 9  
4 >#  
K J C K  
I 
0 
1 
2 
3 
4 
5 
6 
7 
23 
a 
9 
113 
0 0 0 0 0 0 0 0 0 0 0  
l l l l l l l l l l l  
2 2 2 2 2 2 2 2 2 2 2  
70 11 I2 13 74 I5 111 I I  M I8 10 
5 5 5 5 5 5 5 5 5 5 5  
6 6 6 6 6 6 6 6 6 6 8  
7 7 7 7 7 7 7 7 7 1 7  
8 8 0 8 8 1 1 8 8 8 $  
9 9 9 9 9 9 9 9 9 9 9  
I :n ti JZ 13 71 75 IS 77 7s I D  uo 
FIGURE I V - 1 ,  TER CONTROL W D  
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MCARR TABLE 
60 B I T  
WORDS 
ENTRY DESCRIPTION 
JF CS MPINLJM D 30 B I T  
ENTRY 
.JF - 3 FLAG - 1 o c t a l  d i g i t  - When etet i n d i c a t e s  t h a t  t h i s  ia a good high 
Cs - CUBE SIZE - 2 o c t a l  d i g  ts  - S e t  t o  the cube s i z e  which covora 
this ver t ez .  
MPINUM - PRIME IMPLXCANT NUMBER - 6 o c t a l  d i g i t s  - Thie i n d i c a t e 8  the 
number of the  cube which covere t h i s  
vertex.  I f  ZERO, t h e  vertex h a s  been 
more than one cube. Ulired f 
rime fmplicant  e e l e c t i o n .  
D - DESCRIPTOR - 1 o c t a l  d i g i t  - I f  a e t  t o  ZERO i n d i c a t  s b i t  i s  ZERO. 
I f  se t  t o  ONE i n d i c a t e 8  b i t  i e  ONE. 
I f  a e t  t o  1[wO i n d i c a t e s  b i t  i a  BONT 
n d i c a t e s  b i t  w 
en  covere@ CS 
a r e  ueed only i n  t h i a  e t a t o .  
FXGURE W - 2 ,  MC LE 
cages. that the I t card has been proceseed 
P\ First  State - Indfcates f i r e t  DONT CARE dat 
t S t a t e  indicates 1 t don't care s ta te  
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FZOTJRE IV.-3$ DONT CARE CONTROL CARD 
_ -  
r d  and,  u s ing  t h e  b f t  nu ers inpu t  i n  t h e  
t e r p r e t s  the term i n  t h e  f o l l  i n g  manner. If 
t h e  master c o n t r o l  card a contained i n  
t h e  b i t  p a t t e r n  i used as a b i n a r y  number 
t e .  I f  a l l  t h e  b i t s  c a l l e d  ou t  i n  
used i n  t h e  term, then  t h e  unused b i t e  
ken through a l l  p o s s i b l e  
set  i n t o  MCARR. The program 
Sect ion V) and s e l e c t 8  t h e  s u f f i c i e n t  prime impl i ean t s  (as desc r ibed  
i n  Sect ion V I ) .  
card t o  be read i f  nother  equat ion i s  t o  be reduced. 
a c e s s a r y  prime fmpl i can t s  (as descr ibed i n  
The program then determines by looking a t  t h e  n e x t  
The program determines t h e  last  care (ONE) b i t  s e t  b e f o r e  i t  
e n t e r s  t h e  prime fmplicant  gener t i o n  r o u t i n e .  
i on  is t o  b e  reduced MCARR i s  i n i t i a l i z e d  a g a i n  
E c o n t r o l  cards are used t o  gene ra t e  t h e  DONT 
card c o n t a i n s  **** i n  t h e  f i r s t  fou r  columns, 
t he  program t e rmina te s .  
V. PRIME IMPLICANT GENERATION 
The prime impl i can t  gener t i o n  r o u t i n e ,  Figure V-1,  determinee 
t h e  next  non-ZERO low vertex (I) which i 
b i t  se t  t o  ONE. 
b i t ,  t h e  progr  f e r s  t o  t h e  prime impl i can t  s e l e c t i o n  r o u t i n e .  
This program c 11 upper ver t ices  (J) which w i t h  I w t f f  form 
a prime impl i c  on-ZERO J s s  are f lagged .  The program uses  
n o t  g r e a t e r  than  t h e  
I f  t h e  nex t  I generated fs  g r e a t e r  t h  
ged J t o  form a cube (19J)* The s i z e  of t h e  cube 
For each vertex MCARR(K) of  t h e  cube ,  t h e  fo l lowing  a c t i o n s  are 
taken : 
a .  I f  MCARR(K) is a DONT CARE s ta te  ( ~ 2 ) )  t h e  index  K fs  saved 
i n  a f i s t  (E  l i s t )  and t h e  E b i t  counter  is incremented. 
b .  I f  MCARR(K) is ZERO, t h e  J f l a g  for  thirs J i s  c l ea red  and 
a new J is c a l c u l a t e d  t o  form a new (1,J) cube and a l l  l ists  gene ra t e  
f o r  t h e  o ld  cube are abandoned. 
c .  I f  MCARR(K) is CARE state (=I), t h e  index  K is B 
a f i s t  (L l i s t )  and t h e  L count is incremented. 
d .  I f  MCARR(K) is  COVERED CARE state (=3) ,  t h e  index  K is 
saved i n  t h e  E f i s t  and l i s t  count is incremented 
of t h e  cube cover ing  t h e  vertex fs examined. I f  t h e  old cube e ize  
is g r e a t e r  than the size of t h e  cube under examinat ion,  no th ing  f u r t h e r  
i e  done. I f  t h e  cube under examin t f o n  is l a r g e r  than  t h e  o l d  cube ,  
t h e  NONCNT counter  i s  incremented. 
e .  The index  K i then  changed t o  tfie v a l u e  
I f  K i e r  g r e  
d coun te r s  ge 
t f o n s  con t inue .  
11 t h e  MCARRN) e t i o n s ,  t h e  cube 
e For each element: i n  t h e  L t ( f . e .  CARE K g  
r e  performed : 
e of t h e  c u r r e n t  cube is ed f n  MCARR(L). 
i n  MCARR(L). 
c .  The CARE COVERED CARE s t  
d .  The J f l  red for MCARR(L). 
5 
Calculate next 
vertex (K) of 
subcube (1,J) , 
NO 
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1 
For each element i n  t h e  E l i s t  ( i . e .  DONT CARE K*s) t h e  f o l -  
e r a t i o n s  a r e  performed. 
g i n  MCARR i s  c l e a r e d .  
b .  I f  MCARR(E) i DONT CARE s ta te  ( 4 2 ) )  t h e  next  E i 
c .  The prime imp n t  number (1,J) i n  MCARR(E) is  c l e  
d .  compared t o  I f  NONCNT is  no t  ZERO, each MCARR(E) i 
i f  t he  old cube s i z e  i s  l a r g e r  than t h e  c u r r e n t  cube s i z e .  If i t  i 
n o t ,  the old cube s i z e  is  r e p 1  ced w i t h  t h e  c u r r e n t  cube s i z e ,  o the r -  
wise no th ing  happens. 
e .  I f  MONCNT i s  ZERO, no a c t i o n  occur s .  
After a l l  t h e  elements i n  t h e  E l ist  have been p rocessed ,  t h e  
number ( I ,J)  is placed i n  t h e  prime impl i can t  l i s t .  I f  J i e  less 
than o r  equa l  t o  I,  t h e  program r e t u r n s  t o  t h e  beginning of t h e  
a lgo r i thm t o  f i n d  a new I, otherwise t h e  programs determine 
and r e p e a t s  t h e  above o u t l i n e  f o r  t h e  new (1,J) cube. 
19 
E IMPLICANT SEXECTION 
s e l e c t i o n ,  Figure 
overed by on ly  
each element o 
i n  t h e  elemen 
f t h e  e e s e n t i a  
done by exami 
For each non-essent i  1 prime impl i c  n t  t w o  comparison key 
are generated,  t h e s e  are t h e  s ize  of t h e  prime impl i can t  
o r d e r  i n  which t h e y  are gene ra t ed ,  The fol lowing a c t i o n  
formed f o r  each prime impl i can t :  
a.  Build a major comparison key c o n s i s t i n g  of t h e  number of 
CARE b i t s  (=3) which are covered. 
b .  Find t h e  l a r g e s t  se t  of keys us ing  them in ord& of 1) 
number of b i t s ,  2) s i z e  of cube,  and 3) o r d e r  generated.  
major key of t h e  s e l e c t e d  prime impl i can t  i s  ZERO, e x i t  from 
program. 
If t h e  
c .  S e l e c t  t h i s  prime impl i can t .  
e .  Return t o  
(SELECT ) 
Essential Prime 
ImpPfcants (PI) 
cons is t ing  of A) 
s i ze  B) order found 
For remaining PHB 
generate major 
key of number of 
Se lect  P I  
Zero a l l  vertice 
selected P I  
Qf 
FIGURE PRIME IMPLICANT SELECTION F%OW CHART 
c 
1 
It may be that the 
always provide 
The results of t 
present algor- 
W o  three-input 
lex problems, the 
